The physiopathology of idiopathic chronic constipation is complex and yet to be investigated. In the manometric studies of the patients with severe chronic constipation, we noticed that some patients with megacolon show very slow periodical (< 2/min) pressure change in the anal canal, namely ultra slow waves (USWs). USWs are considered to represent the hyperactivity of the internal anal sphincter; however, USWrelated clinical presentations have yet to be investigated. We retrospectively re-evaluated the patient records and manometric studies of 85 cases, 51 subjects without defecatory problems and 34 patients with constipation, to elucidate USW-related clinical presentations. USWs were seen in 10 patients, including eight patients with chronic constipation and two subjects without defecatory problems. Out of the eight patients with constipation, one had no organic change in the anorectum, three had hemorrhoids and four exhibited megacolon. Manometric and pathological studies proved that none of the four patients with magacolon was suffering from Hirschsprung's disease. Among the 51 subjects without defecatory problems, only two had USWs. Anal pressure in the USW-positive group (106.0 ± 37.0 cmH 2 O) was significantly higher than that in the group without defecatory problems (56.0 ± 27.0 cmH 2 O) or constipated patients without USWs (55.0 ± 26.0 cmH 2 O). Megacolon and high anal pressure, as well as chronic constipation and hemorrhoids, were the clinical presentations related to USWs. This is the first report to show the clinical relevance of USWs to megacolon. USWs should be recognized as an important manometric finding indicating a possible new clinical entity in chronic constipation. ultra slow wave; manometry; constipation; megacolon; high anal pressure
clinical symptoms, we re-evaluated accumulated manometric recordings and selected USWpositive patients. We propose megacolon as one of the dominant clinical presentations of patients with USWs.
MATERIALS AND METHODS
We retrospectively re-evaluated patient records containing manometric studies of 85 cases: 51 subjects without defecatory problems and 34 patients with constipation. Eight out of the 51 subjects without defecatory problems, and 9 out of the 34 patients with chronic constipation, were diagnosed with central nervous system (CNS) diseases. Computed tomography or magnet resonance imaging was taken in all of the symptomatic patients suspected of having CNS diseases. Poor activities of daily living, such as leg weakness and cognitive disturbance secondary to brain attack or other causes, were recognized in eight subjects without defecatory problems and six patients with chronic constipation. The clinical backgrounds of the 85 cases are summarized in Table 1 . The manometric recordings were obtained at Akita University Hospital and Fujiwara Memorial Hospital. All the recordings were of good quality for at least 15 min, allowing anal resting pressure profile for more than five minutes, which allowed us to make a correct judgment regarding the presence or absence of USWs. As a consensus definition of constipation, Rome II criteria for constipation (Lembo and Cam 2003) were applied to all the cases. The ethical committee of Akita University School of Medicine approved the methods Since anorectal function tests are very common and important diagnostic tools in pediatric surgery, the pediatric surgeons in our hospital are skilled at these tests, and as a result, undertake anorectal manometry of adult patients as well as children. In adult cases, we pay special attention to the verified physiopathology of severe chronic constipation. High anal pressure, hypoactive rectum, diminished rectal sensation, atypical rectoanal reflex and difficulty in straining are pointed out as contributing factors in the physiopathology of idiopathic chronic constipation. Besides anal pressure and recto-anal reflex elicited by balloon inflation in the rectum, we monitor static pressure of the anal canal. The anal canal usually exhibits periodic contractions with a frequency of 10-20/min, which are called anal slow waves. We occasionally encounter very slow but big pressure fluctuations with a frequency of less than 2/min, which are called anal ultra slow waves (USWs).
USWs are considered to represent hyperactivity of the internal anal sphincter because they usually accompany high anal pressure and difficulty in defecation. USWs have been observed in hemorrhoids (Roe et al. 1987; Schouten et al. 1992) , anal fissure (Farouk et al. 1994; Bhardwaj et al. 2000) , dyschezia (Eckardt et al. 1997 ) and, infrequently, in normal subjects with high anal pressure (Schouten et al. 1992) .
To elucidate multiple facets of USW-related and design of this study.
Manometric study
After emptying the rectum by glycerine enema, patients lay with the left side down. One pressuremonitor-probe was positioned in the rectum and another in the anal canal. The transducers (DTS DX-360, Nihon Kohden Co., Tokyo) were connected via an amplifier (AD100F, Nihon Kohden Co.) to a chart recorder (RTA-1100M, Nihon Kohden Co.). Anal resting pressure was measured using the pull-through method. Then, the probe was positioned at the point of maximal pressure in the anal canal to determine the presence (or absence) of USWs and recto-anal inhibitory reflex elicited by balloon inflation in the rectum.
Criteria for USWs
There still remains confusion regarding the criteria for USWs. Based on previously reported criteria, we proposed the criteria described below to exclude some USW-like conditions. 1) Rhythmical pressure fluctuations with a frequency less than 2/min 2) Amplitude greater than 25 cmH 2 O 3) Lack of synchronicity with rectal contractions 4) Lack of complete disappearance of anal slow waves at the nadir of the wave The first two criteria for USWs were proposed by Hancock (1976) . The second criterion is required to exclude the weaning and waxing of slow waves which may cause periodic change in the shape of the waves without prominent fluctuations of the basic pressure (Fig.  1C) . Furthermore, we added the last two criteria to exclude a series of recto-anal reflexes characterized by synchronous rectal contractions and anal relaxations accompanying inhibited slow wave activities (Fig. 1B) .
Statistical analysis
All measured values were presented as the means ± S.D.s. When comparing three or more groups of data, the Scheffe F-test was used as a post hoc test, and significance was set at a value less than 0.05 after analysis of variance. In retrospective analysis of the 85 cases, five clinical variables, namely, chronic constipation, hemorrhoids, megacolon, high anal pressure (defined as a resting pressure < or = 100 cmH 2 O) and sex, were tested for the evaluation of attributing factors for the presence of USWs using the odds ratio (OR ± 95% Confidence Intervals) and chi-square test of significance for categorical data.
RESULTS
USWs were seen in 10 patients for an overall prevalence rate of 11.9%. The frequency and amplitude of USWs were 1.16 ± 0.43/min (range 0.55-2.0) and 59.8 ± 33.2 cmH 2 O (range 30-140), respectively. The clinical characteristics of the 10 patients are summarized in Table 2 . Out of the 10 patients with USWs, eight patients were suffering from chronic constipation (prevalence rate in constipated patients = 23.5%). Out of the eight patients, three had hemorrhoids, four exhibited megacolon and one had no organic change in the anorectum. Out of the four patients with megacolon, three had central nervous system disorders. Among the 51 subjects without defecatory problems, only two (3.9%) had USWs. Recto-anal reflex was absent in one patient with megacolon (case 6) who showed hyper-plastic ganglion cells in the rectal wall. Anal pressure in the USWpositive group (106.0 ± 37.0 cmH 2 O) was significantly higher than that in the groups without UWSs (subjects without defecatory problems: 56.0 ± 27.0 cmH 2 O and constipated patients: 55.0 ± 26.0 cmH 2 O) (Fig. 2) . Based on the clinical characteristics of the 10 patients, chronic constipation, hemorrhoids, megacolon, high anal pressure (resting pressure of 100 cmH 2 O or more) and sex were tested as possible attributing factors for the presence of USWs. Among these factors tested, chronic constipation, hemorrhoids, megacolon and high anal pressure had high odds ratios with statistical significance (Table 3) .
DISCUSSION
After the report by Wankling et al. (1968) , USWs have been described in several clinical conditions closely related to chronic constipation such as hemorrhoids (Roe et al. 1987; Schouten and Blankensteijin 1992) and anal fissures (Farouk et al. 1994; Bhardwaj et al. 2000) . The prevalence rate of USWs in normal subjects varies in each report (Caplan et al. 1964; Wankling et al. 1968) . Among these published reports, the first one, by Wankling et al. (1968) has an exceptionally high prevalence rate (70%) in normal subjects. The large diameter (1 cm) of the pressure sensor inserted in the rectum utilized by Wankling et al. (1968) might have affected the prevalence rate. The average rate of USWs in normal subjects calculated from recently reported studies (Schouten and Blankensteijin 1992; Farouk et al. 1994; Eckardt et al. 1997 ) is 5.13% (4/78), which is compatible with our results.
USWs are considered to be smooth muscle activity because the induction of anesthesia or the complete paralysis of the external anal sphincter has no effect on them (Wankling et al. 1968) . Interestingly, USWs are accompanied by high anal pressure; therefore, they are considered to represent hyperactivity of the internal anal sphincter. The underlying mechanism of the high anal pressure and the emergence of USWs has yet to be investigated; however, USWs have multiple clinical presentations such as hemorrhoids, chronic constipation, anal fissure and megacolon. Furthermore, as shown in this study, three patients with megacolon had central nervous system disorders. The association between megacolon and disorders of the central nervous system such as Parkinson's disease (Caplan et al. 1964; Kupsky et al. 1987) and depression under medical treatment (Ross et al. 1998 ) is known, but the association of USWs in such conditions has yet to be reported. The multiple presentations that have been reported may share a common physiopathology caused by hyperactivity of the internal anal sphincter presenting as high anal pressure and USWs on manometric study. Long-standing constipation caused by high anal pressure may be an attributing factor for the formation of hemorrhoids and, in some cases, megacolon, as presented in this study. Lateral sphincterotomy, forceful anal dilatation and Lynn's myectomy (Ohashi et al. 1985) , which has also been utilized in the treatment for selected cases of Hirschsprung's disease (Suzuki et al. 1970) , are reported to be effective for the management of clinical symptoms of high anal pressure. Recently, topical use of cream containing nitrogen oxide has been recognized as a noninvasive and effective medical treatment for the symptoms associated with anal high pressure (Bhardwaj et al. 2000; Singh et al. 2004) .
In conclusion, USWs should be recognized as an important manometric finding in patients with high anal pressure and internal anal sphincter hyperactivity.
